EVEN CARBON NUMBER PARAFFI N COVPOSI TI ON AND METHOD OF MANUFACTURI NG SAVE
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [ 0001] Not
appl i cablwo 20RESRIREFERENCE TO RELATED APPLI CATI ONS [ 00@2irNwstoosppd2sEabl e.
BACKGROUND OF THE I NVENTION 1. Field of the Invention [0003] The present
invention relates to producing specialty materials and chem cal

i nternmedi ates from bi o-renewabl e feedstocks such as aninal fats, plant
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the present invention relates to predom nantly even carbon nunber paraffin

conpositions ¢ - r h j
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[0004] Paraffins in the Cl2-C24 ra YELQY Bf ul applications as phase
change ia (P . The paraffins undergo solid-liquid phase transition
in the gﬁbﬁpfb leq'_\e;alglgll Gbout 50C (120 F). Heat is absorbed as the PCM
paraffin nelts and heat is released |ater when the PCM freezes. Fabricated
systens that use POWROES-RELERENEE EP KELATERD ARBLHGAEIQNSt her nal st or age
devices. Due to relatively high latent heats of solid-liquid phase
transiti poo02yf er mst dppisdatie.y as | atent heats hereafter), as well as
conpatibility with comon material of construction and high stability,
paraffins are considered KRt { r PCM applications.

Wal | boards of a house irrgaggnat elngtay?Eel‘aH%%lNﬂvgﬁjlgﬁl exanpl e of a passive
thermal st or ageidsVikeInk_Rtidly a hot day, the PCMw || absorb heat as it
melts. Since there I's no tenperature change during phase transition, the
surface in contact with the thermal storage device stays at constant

t enper at [@0031t i | The presenthirwentidraselates do. produtingt specialtyomadetialse made
t he house hot has thus been stored in the nolten PCM At night, as the

t enper at ané schggrhicab dhirmediaterofrioan HiCMeheortite faadstorkeasiah bBeamiagdl t hus
preventing the home fromgetting cold. The nelting-freezing cycles noderate

the tenpgitaf usianef oilidle alGACRIBNChRSEErVEE NhReddd, PAAET Y& t e Farty ssQpage
devi ce despite extreme night-day tenperatuife swi ngs outside. In general,

PCMs i i. . | - k
ol ect i ciTereBfieRmaritalit 3 Siplidite telietBoks: ot el folivellh Bty &igsPro,

heat i - ditioni . [ 00051 The th | .st i f.th
Pt 1 o0 SRS [Beiehidinga PO dfe: dRmPosiEoRaginthneliedsthdhi gher
t he theréral 'ﬁt or age caBacit of the PCM and the smaller the required
ther mal 3P8FHER! e e ePESSEBL cifyentioponelptehite Predemirriatly HevemG@iboReat s

and nelting points of paraffins.
number paraffin compositions in the C12-C24 range, and the catalytic

hydrogenation/hydrogenolysis method used for its manufacture.

[0004] Paraffins in the C12-C24 range have useful applications as phase
change material (PCM). The paraffins undergo solid-liquid phase transition
in the about -9 °C (15 °F) to about 50°C (120 °F). Heat is absorbed as the
PCM paraffin melts and heat is released later when the PCM freezes.
Fabricated systems that use PCM’'s as such are referred to as passive

thermal storage devices. Due to relatively high latent heats of solid-liquid
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As observed therein, the |latent heat for even carbon nunber paraffins is

hi gher than the |latent heat for odd carbon nunber paraffins of simlar
transi ti oNotzerppesABuUr e. For exanpl e, n-heptadecane (car lpem/useens®s623y) and
n- oct adecane (carbon nunber 18) nelt in the 22 - 28 C range. Wereas the

| atent heat of n-heptadecane is 215 kJ/kg and the | atent heat for

n-oct adecane is 245 kJ/ kg or 14% higher. In general, the even carbon nunber

par af f i npRgat %r@rﬁsiiigﬁi G‘éféﬂ?eflh&) SHipl24s' RBER ﬂé@gslg\;)ehé%gtﬁ)ghfé wdipRsodd

carbon nunper paraffins. Table 1. Lat'ent Heats an urd Transition

[&Eﬁ{ :Lééﬁe%}ﬂ@gﬁ T oD Bt 7 SRR sl i85 on s 207
- Fexadegang,

|r11g3 are considered particularly well-suited for PCM applications. Wall
boards of a house impregnated with a PCM are an example of a passive
thermal storage device. During a hot day, the PCM will absorb heat as it
melts. Since there is no temperature change during phase transition, the
surface in contact with the thermal storage device stays at constant
temperature until all PCM therein has melted. The heat that would have
made the house hot has thus been stored in the molten PCM. At night, as
the temperatures get cooler, the molten PCM freezes and releases the heat
thus preventing the home from getting cold. The melting-freezing cycles
moderate the temperature of the space enclosed within the passive thermal
storage device despite extreme night-day temperature swings outside. In
general, PCMs are an effective way of storing thermal energy (e.g. solar, off-
peak electricity, industrial waste heat), and reducing energy demand (e.g.
for heating and air-conditioning).

[0005] The thermal storage capacity of‘ the PCM is dictated by its latent
heat. The higher the latent heat, the higher the thermal storage capacity of
the PCM, and the smaller the required thermal storage device size/cost.
[0006] Table 1 provides the latent heats and melting points of paraffins.

As observed therein, the latent heat for even carbon number paraffins is

higher than the latent heat for odd carbon number paraffins of similar
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transition temperature. For example, n-heptadecane (carbon number 17)
and n-octadecane (carbon number 18) melt in the 22 - 28 °C range.
Whereas the latent heat of n-heptadecane is 215 kJ/kg and the latent heat
for n-octadecane is 245 kl/kg or 14% higher. In general, the even carbon
number paraffin heats of fusion in the C14-C24 range are 10-16% higher

than odd carbon number paraffins.

Table 1. Latent Heats and Solid-Liquid Transition Temperatures of Selected

Paraffins
Name Carbon Number | Melting Point (°C) | Latent Heat (kJ/kg)
n-Tetradecane 14 45-56 231
n-Pentadecane 15 10 207
n-Hexadecane 16 18.2 238
n-Heptadecane 17 22 215
n-Octadecane 18 28.2 245
n-Nonadecane 19 31.9 222
n-Eicosane 20 37 247
n-Heneicosane 21 1 215
n-Docosane 22 44 249
n-Tricosane 23 47 234
n-Tetracosane 24 51 255

[0007] In addition to PCM applications, even carbon number C12-C24
paraffins are also used as chemical intermediates for linear alkyl benzene
(C12, C14) and alkyenyl succinate (C16, C18), as well as lubricant/wax
additives.

2. Brief Description of the Related Art
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[0008] The commercially practiced synthesis of even carbon number n-
paraffins involves ethylene oligomerization. Depending on the catalyst and
reactor operating conditions, this process produces a distribution of linear
alpha olefins in the C4 to C20+ range. Linear alpha olefins in the C4-C8
range are the main products of this process and are separated. These
olefins are in high demand, mainly as comonomers for film-grade
polyethylene. The C10+ even carbon number olefins are sold as
intermediates for specialty chemicals, or hydrogenated to produce even
carbon number n-paraffins.

[0009] This ethylene oligomerization process for producing even carbon
number paraffins is highly dependent on crude oil and natural gas prices.
Furthermore, n-paraffins have to be sold at a premium to the olefins to
justify the added cost of hydrogenating. These factors make the price and
availability of n-paraffins thus produced highly variable.

[0010] Another method of producing n-paraffins is Fischer-Tropsch
synthesis. The liquid product of this reaction is a broad distribution of even
and odd carbon number paraffins, from C5 to C50+.

[0011] Naturally occurring fatty acids and esters may be hydrotreated
to produce a hydrocarbon composition including even and odd carbon
number paraffins as reported in prior art, namely: Wong, et. al. “Technical
and Economic Aspects of Manufacturing Cetane-Enhanced Diesel Fuel from

Canola Oil”; Bio-Oils Symposium, Saskatoon, Saskatchewan, Canada; March



paraffins are al so used as chemi cal internediates for |inear alkyl benzene
(C12, C14) and al kyenyl succinate (Cl6, C18), as well as |ubricant/wax

addi ti vesw02010Bre8®8 Description of the Related Art WD PCT/US2008/086235

2010/ 068203PCT/ US2008/ 086235 [ 0008] The comerci ally practiced synthesis of
even carbon nunber n- paraffins involves ethylene oligonerization.

Dependi ng on the catal yst and reactor operating conditions, this process

pr oduces i Stk d hO i ngary al gy finS LAt e.

Li near allgt?g'oll:ré#@lribiﬁfﬂoeﬁ%%t}?"r nglzje %rgw%lﬁél Q?n%?&fﬁf%@%%&t“ﬁ%s&g
process an [ epar These efins are in high, denmand, .ymainly. as
Pononone cBFBPMPRAS), B Eral Entrefied andla il VR Bl tRE BRI e i ns
are sold,as ,internedi ates for specialty chem cals, or hydrogenated to
produce W&h%a?’écﬁi’%@ﬂ@r oﬁﬂpﬁg'éﬁqu Impgodmrefins argyPigntarol Ngisatingzat i on
process for producing even carbon nunber paraffins is highly dependent on
crude oi Presengeafircemprable icoasentrationsr ofoeachn- pheaprionarhavethod fer sol d
at a premumto the olefins to justify the added cost of hydrogenati ng.
These f acbovertitek drigheceridese aadd fabttpi dcitis| td ypavéffimsp@naplblyssa t fixed4readduced
hi ghly variable. [0010] Anot her met hod of producing n-paraffins is

Fi scher - Eagflp6o reyciorepheked MatH t@mrdem&wsbamibl_éMy&jrba%tiggncata@t@f oad

di stribution of even and odd carbon nunber paraffins, from to 0+.

[0011] Na*rHE;?/g' Yat3RHs rardd c ﬁﬁ&ﬁcﬁcbpghﬁ%g-fﬁﬁéﬁréxﬁﬁgag% d'&égérIEHiﬁét \ﬁlgcgﬁ 0

produce a hydrocarbon conposition In I ng even an on nu

paraffinsg. r r i i t | y: ng.,.et. al. "Technic and
Economi cﬁ}é%éc&@’?\()t#f%a%f §Et€'§?ﬂ5 @?@Eﬁf\é}mg&@'&"?@ é‘g%ia' e IV'Pyr'om egnol a
al"; Bi ? Qls Sy,nBPsi um Saskatoon, Sasliat chewan, Canada;_ March 1994.

Fi gure 2tWRICRbRgUivaent diameier @éshess cataly gads dRBnMRYdr honfmedesabout
spectronetry (GC/MS) trace of hydrotreated canola oil wherein the relative
hei ghts 8t0 &@n and odd carbon nunber paraffins are sinilar, indicating
presence of conparable concentrations of each. The prior art method for
converti f@O2]gl ycCihve cepiivaldnt adiagneter ds wsedapathamecterip: ayon-spherieal- bed
catalytic reactor, packed with cornnercially available hydrotreating

cat al yst partidies ycsizal yshaivalentcphiitde idiametér bhreAohldpirdicakipadealees of
al um na with nickel nolybdenum or cobalt nol ybdenum sulfided netal

activit tyPpigal g el j tdvi e a i r{yRn-about
175 § Ao Ed A VGE ABRIE A SPIRTE (B tHRCSSERLBIMRE ey nd UR.abou
char act e} - - i cal Gl jze i t j.anet er
of 5 noncRFURARISH R £ RehbHER ptallfior GPHIRIBED s iebigh ke AV g
the sane vo) u as_the non-spherical partic]e. For cylindrical catalyst
of di ane?QP'VB?eS{PEdP?'EWS? H'if)“e??fe e JBieXRIesRe 8 (GroFeb dihet @D | Eor a
expressed as Dp = 6 (4/L + 4/D-1. For a three-fluted extrudate, the
equi val ethregafldtes exgudate dihectpuivalandirparsicisp diargeter) gxpression is D = 6
5n/ (D(si n(60)+1.25n)]-1. [0013] The fatty acid/glyceride feed is
hydr ogenE2/dd+a5ny (BésingGenpt £25m)]tthe fi xed bed reactor packed with
comercial hydrotreating catalysts. As illustrated by Equations 1 and 2 for
the exanp0o1af] tr iMhleefatty akri/glyreridet foedl hscﬁ*drdjg)enaté@ AROAEERYPridBdi S

y

achi eved by oxygen hydrogenol ysis, decarboxylation (removal of COQ2), and
decar bony g{d ARell! P r€dct6Pbacked with commercial hydrotreating catalysts. As

illustrated by Equations 1 and 2 for the example of triolein (oleic acid
triglyceride), the deoxygenation is achieved by oxygen hydrogenolysis,

decarboxylation (removal of CO2), and decarbonylation (loss of CO).



CH2-0-CO- C17H33 CH -0-CO- C17H33 + 15 H2 -P. 3 G 8H38 C3H8 + 6 H20(1)
CH2-0- CO- C171-133 CH2-0-CO- C17H33 CH -0-CO- C17H33 + 6 H2 -10" 3 C 7H36 C3H8
+ 3 CQO2( 2y0Chi/@s10® C171- 133 [0014] I n both reactions, tireTgiSg@snsd23hackbone
is converted to propane and doubl e bonds are saturated. Since one carbon is
renoved fromthe fatty acids during decarboxyl ati on and decarbonyl ati on
reactions (as illustrated in Equation 2), odd carbon nunber paraffins are

formed fr rbon nunber naturally occurring fatty acids. [0015] To
this end,?&ﬁ%’?ﬁ’gﬁﬁeed for even carbon nunber paraffin conpositions and

a sel ecticte {D-OB®BEH:9r Pryei ngexen TarpRn ROYBEr +p8tRd i ns. 1n(1)
particulat, the present invention is a process for converting biol ogical

f eedst ocKeHi1R-&&Cetlsear bon nunber paraffin conpositions. BRI EF DESCRI PTI ON
OF THE DRAW NGS [0016]Fig. 1 is a schematic diagram of an enbodi nent of an
oper at i orCléf—Q:CEbBYiHasious process in accordance with the present invention.

0017]Figl 2 i ti ¢ diagram of odi pent of an operati of a
[seri e]s-lrg‘ﬁlét_(ﬁ'&ﬁfgzgggn?ﬁl é&?orgmﬁ vviﬁ‘lr”ﬂqrg 5rcggén’f ?r@@ht i on. &@
2010/ 068?(932%'_/0@@97@@{3 086235

[0014] In both reactions, the glycerol backbone is converted to propane
and double bonds are saturated. Since one carbon is removed from the
fatty acids during decarboxylation and decarbonylation reactions (as
illustrated in Equation 2), odd carbon number paraffins are formed from
even carbon number naturally occurring fatty acids.

[0015] To this end, there is a need for even carbon number paraffin
compositions and a selective process for producing even carbon number
paraffins. In particular, the present invention is a process for converting

biological feedstocks into even carbon number paraffin compositions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Fig. 1 is a schematic diagram of an embodiment of an operation
of a continuous process in accordance with the present invention.
[0017] Fig. 2 is a schematic diagram of an embodiment of an operation

of a series-reactor process in accordance with the present invention.



[0018]Fig. 3 is a schematic diagramof an alternative enbodi nent of an
operation of a series-reactor process in accordance with the present

i nventi orwO[200183%3g. 4 is a schematic di agram of an enipaaiuseens/08d23an
operation of a batch process in accordance with the present invention.
[0020]Fig. 5 is a bar graph summarizing the results of Exanple 1.
[0021]Fig. 6 is a bar graph sunmarizing the results of Exanple 2.

[ 0022] Fi i a - Thi | G e ration.
DETAI LEDQBI(—_%&%S PTI%%gﬁﬁlﬁ@E%I%i%&%]ﬁgnpr tathy aﬁﬂ\?gr@%@g Rt es
to even carbon nunper par.affin conmpositions and a, nethod.for produci such
even' car BARSHAMAPT par SEFER reBre GRS fPorsP i isaavith” thE" Bresemt
f eedst ocks. Paraffin conpositions of the present invention have superior
properti E¥&¥IPhase PCM material . [0024] It has been di scovered that
hydr ocar bon conpositions with very high concentrations of even carbon
nunber paraffins can be obtained from bi ol ogi cal feedstocks. The products
are prodi®BdYy a HIndlis-asehempdicodiearrmonli AR RHhedtNgrt of ghoereration
bi ol ogi cal feedstocks. One enbodi ment of the process is carried out using a
bi met al | b€ adzatahyprnocess abeacortance veblo dhe Joesentcinvensigni. val ent particle
di aneter. The shorter diffusion path | ength, nore accessible pores, and
| ower i {0020 al YRy, baspebat graprosatinatisingrthicheesult! dfeExaraphd yst system
of the present invention reduce
[0021] Fig. 6 is a bar graph summarizing the results of Example 2.
[0022] Fig. 7 is a McCabe-Thiele diagram for C16-C18 paraffin
separation.
DETAILED DESCRIPTION OF THE INVENTION
[0023] The present invention relates to even carbon number paraffin
compositions and a method for producing such even carbon number paraffin
compositions from biological feedstocks. Paraffin compositions of the
present invention have superior properties as phase PCM material.
[0024] It has been discovered that hydrocarbon compositions with very
high concentrations of even carbon number paraffins can be obtained from
biological feedstocks. The products are produced by a single-step
hydrogenation/hydrogenolysis process of biological feedstocks. One
embodiment of the process is carried out using a bimetallic catalyst of about
10 to about 500 micron equivalent particle diameter. The shorter diffusion
path length, more accessible pores, and lower intra-catalyst temperature

gradients in the smaller catalyst system of the present invention reduce
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t hermal decar boxyl ati on and consequent co-production of odd nunber
paraffins. [0025] One enbodi nent of the process of the present invention is
pr ef er ablwocarwicez3out with the catalyst in the slurry phags2o008oseescial |y
avai |l abl e catal yst extrudates may be ground and sieved to reduce the

catal yst size to the preferred range of the present invention, from about
10 mcrons to about 400 m crons, nost preferably fromabout 30 mcrons to

i cke! - iy nan eatBRRYRtoR, e, GEQEht PEfRfutton Tof, BBG red 1°

(NNW on _alum na or alum na phosphate supports. Pre-ground catal yst

ext rudat Qgréﬁgscommrci ally available in both oxide and active sulfide
forms. The netal oxide catalysts are activated by sulfiding.. . .
[0026] CokPOZBL  HORE( aMOSTEENE) GF (bea PEOGRSSo Okvilia SRS BVERHNgisades
and well-suited for the invention disclosed herein.Preferred exanpl es

i ncl ude ppeiegablyecairiachioatywith thec ratadystbinp thensl wiy Ramesg.r ) Commgrgiatly
(Raney(r) is the trade nane of the Grace Davison sponge netal catalyst).
Sponge mavallablat gbyayst anerddatesdniyy | B odviowmdniatidelsiedadritouredace the
cobal t-alum num all oys with concentrated caustic (sodi um hydroxi de)

sol uti onch@alysy SizENdr e prafeltate ramdelof the hraBeAt inARticH, Skoml BBEEE Qlour 1y
catal ysts are active as received, but may be sulfided to achieve the

desired HRERSHY ¥b about M8 G BABZ 6L pErPA OB AP 20N 230 SURRBAE 4D

slurry catalysts suitable for the proceSs o IS 1nvention nmay be prepared

by i npregpat j spray-dried al um or ified,alum na_su rts..with

oo ut L onBBBBhER ARG ererRelSs Pt Ut sabyeh i o T oG BBR i iediBunas
bef ore cal ci ni ng. bOOZ%LIt,shoul d be understood by one of ordi naréﬁzki Il in
the art mpéﬁel-an&vé eRUBk(AiNeY, reBRlEENalyDdersm i(FOMR), (RTeBIHEI-HRGFHENON so
| ong as the catal yst operates as described herein. [0029] Referring now to

t he draniND¥) a@nl alminpaori alunainat @hpsghate supp@nts. he Peggrpundnea@ysidi nent
of an operation of a process utilizing a continuous flow reactor

const r ucertrudates ape danoaerdgially alailpblesianbothnexidei amd aétibe cutfife fdrms.
feedstock 101 is pressurized to reactor pressure of about 200 psig to about

2,000 psTHethatdlWRidd @dtalsel efe getiveneday sdifidlimgsures for the slurry
bubbl e col um reactor are from about 400 to about 1,000 psig. The feed 101

conpr i Sem,afz egeltcgdibﬁwoélﬂclsa?’ Rﬁgg@%ﬁ:f%@ﬁtﬁaé?@’aBbaréR/aﬂ!abf% 32l diumy!

fatty ac and a | s can be naturally occurring or
produced | j ofeactors, Pressuri d.%i d s 0 ers g 1 or
0. [ oodbdte “4REr MEHF sl REGARES v Sition pAERSH Rl & oFrerste
reactor catal yst |ogading is between about 1% and about 30% (dry buylk .

cat al yst €¥8 p@ﬁuaet%ormwa&ﬂa&ﬂws sHER @%blg Pﬁ@mﬁé@& %%%%Y 5\% and
about 20% The catalx$p particle size is fromabout 10 to about 400

m crons, apde€er BhageyT dm thodrad® namgbelittheo Graee dAavisPRespon@rigngtal of

t he pressurized biol ogical feed stock, 103, is between about 0.1 and about

10 LHSV (¢atalysty. f Spdngermetdlucatabastsiaret foperechbyr leachingf rickkl-alurairmean
about 0.5 and about 5 LHSV. These paraneters set the slurry reactor 104

vol une fef dédmaleatiidraedll6ps ewith concentrated caustic (sodium hydroxide)
solution to form hydrogen active metal of high surface area. These slurry

catalysts are active as received, but may be sulfided to achieve the desired

selectivity.



[ 0031] The pressurized |iquid stream 103 reacts therein with hydrogen 105
which is optionally preheated through heater 116. The hydrogen-rich gas 105
pr ef er ablwohan/msiegdr ogen concentrati on between 70 and POO/USRI08ME6235
preferably between 80 and 99 nol % The hydrogen-rich gas 105 is supplied
at a rate of about 3,000 to about 10,000 SCF/ bbl (volunme gas per vol une

bi ol ogi cal feedstock). The gas to feedstock ratio is preferably from about
4,000 S o] a@&&ﬁ 0 / e o ef~Oofihhau I act or
vessel %Wsrgel ect edm?ﬁ@hg{ g ?ﬁéeal %EE fsﬁlﬁ)t\%vgféat@ri sthlénlib{')hgegSO ofTthis®
churn-tutbul ent reqi from t. 7 cms.to about 40 .C . _prefer from
about 5 Unftiin G, PR &R 8 B nleieltini . SR oiien a8k oafidher ce
t hrough a sparger 119. The sparger my be_ of va[ioTs configuratjons

i ncl udi n@“ﬁ'ﬁi“qgoium?q{ﬁ elitho sRIVtioRS ((RIHalNiag ¢ BickRl 1 1Fahdlt | PIAlYBERRYREs, a
sintered netal plate or sintered netal distributing pipe(s) or co-fed with
t he bi ol 8gdéar tyngsien sOMPOWNGS bEfaTEeCalgipidli stri butor. In sone enbodi ments
the catalyst is dispersed in the slurry phase by mechanical agitation. The
gas fl ow[0028]gh thesheddtme ubtiérstoodubesore ofiidrdimaryaskillyist the artr yhaion6.
Alternatively, a side arm downconer (not shown) can al so be deployed to
recircul ahg sectiaasslyssinay Yod atilizedr ipaeie@préSéntVivh\edhtfdrs @odio#Rs as Citedl yst
distribution in the reactor 104. The biol ogi cal feedstock converts into
mainly e r abHi it is diluted within the
catalyst¥§§¥g$§?ﬁ@§ g??@‘%%%hﬁ%gggng'e heat of reaction is in part renoved

o oue 08Py 1 RN nofCth R brdvihasoafhiae AIERIGE R HE” g,

heat renoyval be achi eved with cooljng coil device 120 inmersed in the
feactor SBAWNTHISTEN Theie ErmbRIImENtoRt AN PRRTAYRT of aiarege g
cooling coil is in the 40 to 200 Btu/ hr-ft2-F range. The reactor

t enper at GPBtingous ulovonreantped cpastrestedhbbbut aagwdence3vith) the apsesetso F
(399 C), preferably between about 600 F (315 C) and about 650 F (343 C). At
t hese pr gfvantixh.t Aniolagicat Feetdstypak pt @ Ssrpressedined goedaeton passsaire udf 400
psig, and preferably greater than about 600 psig) may be produced and used
for driviapgutrGo qasi%et@eeabhﬂgz,ebgcﬁsigc iv’ia/,plﬁﬁg/ ©02s Umvkdried péJQ@r%ﬁiﬁgheat :

[ 0033] The extent of back-m xing within the bubble colum depends to a | arge

extent 0BrddigrbeirgPtng st Bl ‘BliArOfedcher HREFHAN At 566 teodbts have

r
successful 'y been nodel e .1 i dea S 1n series. At t

ity ¢ ROGEEEY {FRL AR D, ComBRart 4 {RFBle, ek s MR RIS b8t e

vapor progduct 107 fro ble colu reactaor 104 is cooled in aif cooler
108 mhere%%b9é§'oaﬂlét(%&¥ Qﬁﬁfl agft kg rbgi%a?cg' &?é‘e.beAf‘ag‘br@glé(ti ng
pressures bel ow 500 psig and tenperatures above about 315 C éGOO F), nore
t han abo@ECWBiNGer Predusesd innhicieprtiorse Riepowrizrdligeid sirepmyApdreterand is
condensed overhead with water and |ight hydrocarbons. [0035] A three phase
conposi t reacte090ds separated in separator drum 110. The water stream 111B
and hydrocarbon 111A are thus separated fromrecycl e hydrogen-rich gas
111C. I n[eoB@lenbatiesnirsy Féectby dl@geis- prefergply blbubtiey dupis.i f Ted to
remove sone or all of the mnor reaction byproducts such as ammoni a,

hydr ogenr&atbi detaRae husgamgn i9Btpeenapsat qwcyreg%goht C@O%S(dwyb&mgg be

conbi ned wth nakeup hydrogen to formthe reactor hydrogen-rich gas 1

[ 0036] Th RVTAs i S e u i { |t e to
separ at eg?%y:{:ta%l%{ﬂ]% IP? r gpn@h%%rgac?ﬁél% é&r’ %&c%%m%gc%eég%%dd‘!tn%ﬁ é i‘l\ﬁ ilter
113 is a_gcross;flow filter. In other enbodinents, hydy ocycl gone f owed
by a fi 2Epat ?‘i?é’ed.ﬂ‘? AN Bé“ﬂﬁiﬁe?'é?o&?dmwnoﬁgoﬂi\{ L‘Sde/%??{f’%kgbb in
the art that any device capabl e of_ separating suspended solids fromliquid
may be LSUGTONS, PHErasPBEGFOM ARME: 3 FO AROUS A MIETORs. e BYRMSHPHA(S
stream 114 returns to reactor 104, while the filtered paraffin product 115
exits the reactor system Product streans 115 and 111B i nclude equal to or
greater than about 75 wt % even carbongnunber paraffins in the Cl2-C24
range. Preferably, the product streans conprise of equal to or greater than
about 80 wt % even carbon nunber paraffins. In sone enbodi nents, the

product stream may undergo further processing such as distillation to
recover the even carbon nunber paraffin products.



WO 2010/ 068203PCT/ US2008/ 086235 [ 0037] I n ot her enbodi nents of the present
invention, a plurality of reactors are enployed to divide the

hydr ogenawoOaeniomgszoegenol ysi s | oad over two or nore reactordiS2isose3skil | ed
inthe art will recognize that the reactors-in-series configuration is used
i n back-m xed reactor systens to achi eve higher conversion at sanme or |ower
total reactor volune. [0038] Referring now to Figure 2, biological feedstock

201 is p"tﬁé%%%@ﬁzé@ﬁi@l%ﬁfc%ﬁ“fé% s%&sé&,emr%%éftwem Iegoﬁanﬁhsw@lﬁgtor

system pressures are in tHe sanme range previously speci erein.

react or rih i y t Sj £ in the
detai | eﬁjﬁéﬁﬁﬁ%gvé&@% TRRLBH Bl Es ?#ﬁﬁ’st rﬁfgéé?nﬁﬂﬁégi?eifsﬁfégéftgﬁe? t
opti ona i n _hea e preheated fee enters e rs
SPage reabet BEeipatoth % 4HE TeRparmeihre ol PR SEN: S antpLacd urry
phase. Hydrogen-rich gas 205 is introduced into slurry bubble col um

f . «
react or Zmeﬁr 8t §he Aesian fred &f\ﬂ-ce. (not shown) at the rates previously
speci fied herein. Reactor 204 is equipped with cooling coils 210 to
mai nt ai n [008Y¥EactThe gresswiztskligeid sweper A03 seadsdbepeiovwithshydggen f i ed.
The extent of feed conversion in reactor 204 is about 10/0 to about 90%
pr ef er ablipSaldiich 39 Bptioralguprdii4et ribeoughthedtbe 1198.t i Ed hyeleoyertrith
pr?ductd!ngludlngeparagf%g, b:ol;glcat;fzgdstop;, and re%;;!on 5 b |
i nt er mredigakepos ferab ¥ S : ere
t hr ough Pilter 357 to ggparéﬁgﬁghgbggigﬁ&spFﬁﬁﬁg g%ta Jgt r?@ﬁ %?%rr? 209
is returged i | FAlt rti.al: t ed
oroduct 965 Py, BEEhSEn "0 MY o i b4y, PRE Ty dHBGeh LN GBS R
2010/ 068203PCT/ US2008/ 086235 0 Typi cal | 11 operat es under
the sane SHBRUGH L7 Eatma aaout o BPP tPhepaue o, fhs SRT¢BhI hauiie k3sdm
Feact o YOMME IOGIACA TESaRIARR)s. TERGA b SaPdsioRk TaHSt Gr Brererahin o
react or YO# s, r r 0 are
| ower than the reactor 204 to facilitate filtrate flow fromthe reactor 204
to the raboubr4, 200 SHubbt dm abeut 8006k SQFYbbb t Ader diameter23§. bubbler
under goi ng reaction with hydrogen provided by gas stream 212, a partially
conver t edolinun rieazict vesksl gkBs is cklattéd quich tretattag gas flow aate lis én thed. A
catalyst rich slurry 216 is returned to the reactor 211 while the partially
conver t egdhgif-earBudRt Iregimanfrof rashuto7t Bfy/E eRS ®ou? 340 Jrhg%/,t Préfergphent of

9

feed conversion in the reactor 211 is about 30%to about 9 preferably
bet ween t 9 % ] Hxd i g react or
239 fr omﬁ?’ﬁﬁ agba%gj{?s ;Egnﬁ %J%.b%ﬁﬁ/elé g& 29 %eﬁgﬁvgﬁgﬁ#wabﬁﬂe@%d&pﬁﬁ is
slurry babble(gflﬂgp rﬁactor i S between out 80% and_about éﬁgw .

pr ef er abP{PP&E(S A9t IYEET100% f eetTonRBTE 0NN h e é?taéiob‘rse,
pressure, and gas-to-oil ratio are in the sane range described previously.
However FRNEGWRtIONSOURCHHGInG, byuthaok HRted to foring-bRe spaigest WihhingHaple
tenperature than the reactors 204 and 211. A paraffin-catalyst slurry

st r eam 206fices,f &l sietargdi mesali plateror2sigotereds opgily distpibotingt pipe(shor 22t and
returning high-solids slurry stream 220 to the reactor 239. The product 221
i ncl udesfeatjweith ttheobigogtiak fetlstockbola a7 Simple/pipye disaibaaornuibesome
paraffins in the Cl2-C24 range. Preferably, the product stream 221

conpri segnfHodshéls (theOtatpt B didhaits@®ant tHO sirrplp Ry KA MREhaHicRer
paraffins in the Cl2-C24 range. [0041] The off gas fromthe three slurry

form a vagteigh? ?f?ﬁrﬁ 95%:%2“5"2%& fid ?@%@PE%‘?& EoURE £ ?‘ﬁ‘fé’?'é’g%%‘éf?@? E?zteo
60F (15.5 160F, (71, G
fr om abodEBor Pz e RgNBlara £ e oM BRI (B Shaeh Jan BB ¥

enters drum 228 where the stream 227 is separated into a water phase 229, a
light hydfROXFEH? mrscg'azsoé%msae AupKdoethesieactae 104swhirs alspzaides 1 ch
i n hydrogen. The ot her conponents of the gas phase 231 incl ude propane,

ot her light hydrocarbons, and m nor byproducts described previously. The
hydrogen-rich gas stream may be partialgy purged (stream 232) with the rest
recycled as stream 233. The aforenentioned inpurities may be renoved in a
hydr ogen purification unit 234. The hydrogen purification unit 234 is
typically a scrubber used to renove ammoni a and hydrogen sul fide. A
purified hydrogen-rich stream 235 is then conbined wi th makeup hydrogen 238
in recycle conpressor 236. A reconpressed hydrogen-rich gas 237 is used to
supply each of the slurry bubble colum reactors.



[0042] In an alternative enbodi mrent of an operation of a reactors-in- series
process of the present invention, a slurry bubble colum reactor containing
cat al yst w0 20tve06830pe and si ze previously descri bed her ePaTrsgodsasd2es | owed
by a fixed-bed reactor. Referring to Fig. 3, the biological feedstock 251
is pressurized by punp 252 to the reactor system pressure previously
specified herein. The pressurized biol ogical feedstock is heated by the
reactor ity &l LhuRBLBHCATGE redofor A0SR BldISHEAP PoedtbEk SRy 1Y

u or 0 e typ

bubbl e co reac 7 where a catalyst e and size-Tange

previously described herein is _suspend in_the slurr hase, by rging of
hvar ogentTtoc Ry iyt Cagiigh bimise aailins Bdh & Aiiteel uiiig S8 ceoBse {0
control the tenperature at target value within the range previously
speci fi e@RAE HUrX B8Pt al Iy converted effluent slurry 259 is processed
through filter 260. A catalyst rich slurry 262 is returned to the reactor
257 whi | §0832) t erhie paat phregctiomisint partpestnad bg evaporatior fofar bailero a

fi xed-bed reactor 264 for achieving full conversion. Before entering the
reactor Pé&dd wierl 1niic teelihg tubestabilsi 120 pprodoeingy stgarheh1 8d Ay dihegen
286. A conbined feed 263 trickles through the fixed-bed reactor 264 wherein
the part hytdrydyaimRY FRfinfeecdedcPiedenérdi® ARighOReatichBREl AfRSbE& e hidlddy
converted to a predom nately even carbon nunber paraffin conposition. The

fi xed- bedyifiPafha2Pdil | deviBe" B3 AR iff e réfdof NEoA TSR Fedts

allowed to rise In the pr range previously specifi erern. A

react or fl ] artial cool ed.| n .254. A partial

cool ed p?'{?d\.?g&qggééghéitr Eorh g%e%h@%ﬁ%&é@acﬁéﬁgg g@‘] '%\H rt&enap héo 200"
hydrogen-rich vapor stream 270 is separated froma mainly eyen carbon
s pBRUHI-HERE] (aIdS) o G ukacHeh TEMRSTRIUG 1P SPUs RN ISR r t her
processed through distillation to recover the desired even carbon nunber
par af f i nabekpdSh Pbr{282e0 ot BPoupeE G PEA 398 . PrefeABIY hetweenoeouty i ch
gas streanms 270 and 269, fromthe high pressure separator 267 and the
slurry b6BBl €Fcol3lrhn 1Racrd 2BGut eGR@CcPFVvEBE3 ACE coAbi bleesa opfefermedapor
stream 271. Water 271A is added to vapor stream 271 to wash any deposits
that naytdmperatuess cHigrNpAédstite| Btearo(giiater thad abor@oled psigaand’3 is
a three phase conposition which is separated in drum 274. The liquid

[1ract| onpréfdpaige ohulieCitin otk 638 AaE) | /nal pBY HFABRRONAA (Red Yor

hydr ogen-ric Is partially purge trea he rest of the

gas, str 79 1 pt . i ifi i i to renove
amron &, GSUQiBLERye B 2kint AEERIT DU sURABI] Resess REGE

hydr ogenaj.i hydr.ogeno is reaction. A purified hydrogen-rich s 280 is
conbi ned%b&ﬁ/]nakéﬂ% ﬁi?{??‘/}s;g%fné 'T“Pf'qga(‘,“f)a'l'@ t@@n‘B\‘%&'@oﬁ:‘%Emﬁ dﬁpﬁgaﬁﬁ:ﬁr essed
hydrogen-rich gas 283 is optionally heated in heater 284 before supplying

t he sl urPylasgebestent] @mn the7hgightrisediameterpeatio calctthe reactorooipieal
slurry catal yst reaction may al so be conducted in batch node. This may be a
pr ef er abteluemis tarergucckresfullyrbgerv ohedededrasddict -0 ideal dESTRsgimt seres.when
the paraffin products fromdifferent feed stocks need to be segregated.

[ 0045] ReAerthinsreférret reattoradesighogdiditions e tisd @e¥ctdP liquid cdbrngesitioh i@ bat ch
stirred reactor 302. The reactor 302 is equipped with an agitator assenbly

303 for i hd i i i 304 for heat
t ransf erﬁ@ﬁ@pﬁé: a%gtlgﬂ égtaqgggbﬁg%r%gﬁ%agg@dd? (g)gttﬁedn??a?ﬁ'or 302. The

cat al yst ¢} f th j7@-f Leyi ] j he
eactor 190380, DT NERPRUEE O TR ol PRt ORI s
operatin ressure, Pressure ranges describe revi ously for the, continuous
ow r el B GG 1RBNBEtHIE BYRSDARSbRETEbanHd IRk RIETRCHERGHS ERARTent as
wel | . These preferred pressures are from about 400 psig to about_ 1,000

psi g. [ 0BLEPTRLING REETHUres bealewHih PaigA R t@@%f@%@éta%@y@r@mw 15°C
tenperature in the range previously described for the continuous reactor
enbodi ments, preferably between 450 F (232 C) and 650 F (343 C). The
operating tenperatures nmay be achi evedqby circulation of a heat transfer
fluid 308 through the reactor jacket 304. Once at target tenperature, the
heat transfer fluid 308 is used for cooling. The hydrogen 307 supply rate
is used to limt the release of reaction heat through a tenperature control
| oop 309. In sone enbodi nents, the hydrogen flow rate i s naintained
constant and the reactor pressure is controlled through a back pressure
control |loop 310, while tenperature is controlled through circulation rate
of the heat transfer fluid. In some enbodi nents, reactor 302 is equi pped
with a cooling coil (not shown) to increase heat renoval and shorten batch
cycle. [0047] The batch reactor is equipped with piping 312, 312A, and

o - PNA N o~ o o o o b1 T



hydr ogenol ysi s reaction which occurred in reactor 302, |ight hydrocarbons
and water, are thus collected in drum 314 after cool -down with cool ant 316
i n conderworoB1Bs208pon conpl etion of the reaction, whenPaD/USRIS/0BE23S
consunption is observed, the reactor 302 is cooled to about 140F (60 C) to
about 160 F (71 C) and the products and byproducts are drained out through
conduits 320 (water, followed by |ight hydrocarbons) and 322 (main paraffin

product) Ssg/g?@"fmb[’@ tha a{a)%!?&t §‘§?’}o' &Stﬁé).éf?hggrtatfﬁﬁ‘ @ac&iﬁﬁcéﬁ{d&@%ﬂf ter

agitatio éen turne reuse in next bat e suspended
catal yst fines are removed fromthe n-paraffin _product through filter 324.
St ef od VABPEFe G5 aandrgset aEat i Bitel e i ny P8 Pons. o 224,
fil tered[ar oduct 326 has the same even carbon nunber paraffin conposition

pr evi ous[POFxkr i A Ehree haSEorRMRGSHON ILOR iSe8RRIRteAHBIPFRATEECTHAMYNe

present invention. [0048]In order to further illustrate the present
i nvent i oA 10t helhewater sfrexanplld8 and bydeocarbpnelblA ane thus separated
understood that the exanples are for illustrative purposes and are not to

be const froed rasytlerhydrogenivécts gapel 1diC.t b souhg eatbodinerits pthe BYahddrs
[ 0049] Exanpl e 1 - Hydrogenati on/ hydrogenol ysis of canola oil with 1/16"

trilobe grhagyst it melabespliifed td Rmdie isbnie lorx@Afob&He ' PffdroredcdidpO] The

present exanpl e denonstrates the conversion of a biological feedstock,

canol a o : at. oY og v ¢
ext r udat ggﬁr%%g %@hﬁéotbﬁ*erﬁgg] "t E}gurPgrgﬂfselHaﬁ?%’raa/aa?%??{)ﬁeoghé\n&t'h%%%sof a
commerci gl Ly avail abl e N M, ,catalyst (purchased_ from Catalys r adi,n

Cor por at PerodifisiBreds Mot Be bRtV ERMakedd e fodike SPAN.AR

70- 100 nesh gl ass, beads, ,The catal yst was sulfided in the presence of

hydr ogenTG#¢t rgiyﬁjﬁ?gﬁ‘l"rh?lhsﬁ?’? ilde-at two hold tenperatures: 6 hours at 400F
and 12 hrs at 650F. Hydrogen sul fi de break-through was confirned before the
t enper at (9036ds r aihsealurno AD608 trRspRrtar) throughocendgi 3 12) taafilten 138/ ter .
After sulfiding, the reactor was cooled to 400 F (204C). [0051] Next a fatty
t ri gl yceseparadtedtievestalyst fooimcece teadtbe predtdter imlsoneaenurodifients ddtdror was
slowy heated to 650F to achieve full conversion of the triglyceride feed

to a parafiiig & eraasiléwdter] NEn beREt @mbodifpehes,Ud &y dpScyIbnd edlidvied egsed to
700F (371 C) to namintain good catal yst activity at 80 cc/hr feed rate (1.0

hr-1 LHSY)g il fﬁﬁ‘“ﬁ R ot ; t
condi ti o%l()sﬁltﬁ%ggﬁﬁe IL;L'ro uc?oﬁvxgs ang%ﬂ&?gdbgsq%%g%ggg{acrm%angtlggﬁgpﬁ';t (GO
met hod i j i LN W - f rds, f feed
Conver si Bifk §h e TeBabR ol sklplamRl B kPt AL Tpadl fal HebZpl &
significant percent of C17 par.affi was produyced from decarbonyl atign/
e ar box hed 16riher PeaenE dvBHENds The g DSt v T TR R G BR T4
carbon nunber paraffins was only 61 wt W. [0053] Exanple 2 - )
Hy dr ogen&gtushg Hipd reacies| 49t s while dhel filtered wwanafiin ugreslichntlBi exitsl thet al yst
(Dp = 30-80 mcron) in slurry reactor

reactor system. Product streams 115 and 111B include equal to or greater

than about 75 wt % even carbon number paraffins in the C12-C24 range.

Preferably, the product streams comprise of equal to or greater than about

80 wt % even carbon number paraffins. In some embodiments, the product

stream may undergo further processing such as distillation to recover the

even carbon number paraffin products.

12



The catal yst used in Exanple 1 was discharged fromthe reactor, crushed,
and sieved into a 30-80 mcron particle-size cut. Ten (10) grans of the
30-80 m cworronues®B t he ground catal yst was conbi ned w PoTAB00g/08d23Eanol a
oil inalliter Autoclave stirred-reactor. The agitation was set at 1000
rpm The reactor was purged with N2 before starting H2 flow at 3 L/mn. The
reactor was controlled at 500 psig pressure. The tenperature was ranped at

1 F/mn t r 450 F 0. A : : 88
O and 50915 FeptAe! sihnbdtots of 48 Rlescflonventoll. 3 pifihiey oF
tenperature and _anal yzed by .The_haql d, tines,.were 20 hrs at 450 F (232
o 7e e Le8RE0 67 HaBE VP 1 gvige g hyisbuS sl draahau s B34 vt
(316 C). The results of _the slurry catal yst conversion reaction are
sunmar i z&WO; AT FMAIEeMEACIPES.i s THRES oided vl thRadrtwwell ErcognizectBabidecie
fatty acids in the canola oil were converted to C18 and Cl6 paraffins,
suggest i Kgactonsdn-sesiescconfigyration s disedy drrbaskdmiyed oteaster systems sta and
| ow decar boxyl ati on/ decar bonyl ati on. The overall concentration of even

car bon nachmvephightf icoaveesoB@t\sanié of IOwét Eotminpéactdr-vohvwae. Car bon Nunber
Paraffin Conposition from Rapeseed Q| [0055] Rapeseed oil was the third

| argest §0@38] of ReFaeting OWILD Fﬁdhrbrz, BRI céIL@ﬁsV&ﬂJZQQQQp?éS"’édrﬁ/zfeidCS),

behi nd pal m and soybean oils. The oil yield fromrapeseed is 40-50%

conpar edyd raniay il %t@ﬁnprégu&%g?«g@@@gi 20220 FSUBPRILESR Bressials' Y

acid profile of representative eedsto

2010/ 065 0ERETSIRLOTA2 ADLfsh Rt T L9RB SR o

Poly- Uns?&r%grt' %gné%g %:atalyst of type and size specified in the detailed description
of the invention. The pressurized feed 203 is optionally heated in heater
240. The preheated feed 203A enters the first stage reactor 204 wherein
partial conversion occurs in the catalyst slurry phase. Hydrogen-rich gas
205 is introduced into slurry bubble column reactor 204 through a sparger
device (not shown) at the rates previously specified herein. Reactor 204 is
equipped with cooling coils 210 to maintain the reactor at the desired
temperature range previously specified. The extent of feed conversion in
reactor 204 is about 10% to about 90%, preferably about 30% to about
60%. Stream 206, the partially converted product including paraffin,
biological feedstock, and reaction intermediates such as fatty alcohols, fatty
acids, and olefins, is filtered through filter 207 to separate the catalyst. The

catalyst rich slurry 209 is returned to the reactor 204 while the filtered,

partially converted product 208 flows to second stage reactor 211.

13



Caprylic Capric Lauds Myristic Palmtic Steads Ei cosenic/ Behenic Pal neic
A eic El cosenic/ Beheneic Linoleic Linolenic C8:0 C10:0 Cl12:0 Cl14:0 C16:0
WO 2010/068203 PCT/US2008/086235

[0039] Typically, a reactor 211 operates under the same temperature
and gas-to-oil ratio as the reactor 204. In some embodiments the reactor
211 operates at a higher temperature than the reactor 204. In some
embodiments, the pressure in reactors 211 and 239 are lower than the
reactor 204 to facilitate filtrate flow from the reactor 204 to the reactor 211,
and from the reactor 211 to the reactor 239. After undergoing reaction with
hydrogen provided by gas stream 212, a partially converted slurry 213
undergoes solid-liquid separation in a filter 214. A catalyst rich slurry 216 is
returned to the reactor 211 while the partially converted stream- 215 is
transferred to the reactor 239. The total extent of feed conversion in the
reactor 211 is about 30% to about 95%, preferably between about 50% and
about 80%.

[0040] Hydrogen is supplied to the reactor 239 from the gas stream
217. The total feed conversion achieved in this slurry bubble column reactor
is between about 80% and about 100%, preferably at or very near about
100% feed conversion. The temperature, pressure, and gas-to-oil ratio are
in the same range described previously. However in some embodiments,
the reactor 239 is operated at a higher temperature than the reactors 204
and 211. A paraffin-catalyst slurry stream 218 is filtered in a filter 219 to
supply a product stream 221 and returning high-solids slurry stream 220 to
the reactor 239. The product 221 includes equal to or greater than about 75

wt % even carbon number paraffins in the C12-C24 range. Preferably, the

14



C18:0 C20:0/C22:0 Cl16:1 C18:1 C20:1/C22:1 C18:2 C18:3 W % wt % Wt % wt % wt %
w % Wt % wt % Wt %
WO 2010/068203 PCT/US2008/086235

product stream 221 comprises of equal to or greater than about 80 wt %
even carbon number paraffins in the C12-C24 range.

[0041] The off gas from the three slurry bubble column reactors in
series, streams 222, 223 and 224, are combined to form a vapor stream
225. The vapor stream 225 is cooled in a condenser 226 to a temperature
from about 60°F (15.5 °C) to about 160°F (71 °C), preferably from about
80°F (27 °C) to about 140 °F (60 °C). A three phase stream 227 enters
drum 228 where the stream 227 is separated into a water phase 229, a light
hydrocarbon phase 230 and a gas phase 231. The gas phase 231 is rich in
hydrogen. The other components of the gas phase 231 include propane,
other light hydrocarbons, and minor byproducts described previously. The
hydrogen-rich gas stream may be partially purged (stream 232) with the
rest recycled as stream 233. The aforementioned impurities may be
removed in a hydrogen purification unit 234. The hydrogen purification unit
234 is typically a scrubber used to remove ammonia and hydrogen sulfide.
A purified hydrogen-rich stream 235 is then combined with makeup
hydrogen 238 in recycle compressor 236. A recompressed hydrogen-rich
gas 237 is used to supply each of the slurry bubble column reactors.

[0042] In an alternative embodiment of an operation of a reactors-in-
series process of the present invention, a slurry bubble column reactor
containing catalyst of the type and size previously described herein may be

followed by a fixed-bed reactor. Referring to Fig. 3, the biological feedstock

15
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251 is pressurized by pump 252 to the reactor system pressure previously
specified herein. The pressurized biological feedstock is heated by the
reactor feed-effluent exchanger 254. A heated stream 255 enters a slurry
bubble column reactor 257 where a catalyst of the type and size-range
previously described herein is suspended in the slurry phase by sparging of
hydrogen-rich gas 258. Reactor 257 is equipped with cooling coils 256 to
control the temperature at target value within the range previously specified
herein. A partially converted effluent slurry 259 is processed through filter
260. A catalyst rich slurry 262 is returned to the reactor 257 while a filtered
partially converted product 261 is transferred to a fixed-bed reactor 264 for
achieving full conversion. Before entering the reactor 264, the liquid feed is
mixed with optionally preheated hydrogen 286. A combined feed 263
trickles through the fixed-bed reactor 264 wherein the partially converted
feedstock and reaction intermediates are fully converted to a predominately
even carbon number paraffin composition. The fixed-bed reactor 264 is
operated adiabatically and the temperature is allowed to rise within the
preferred range previously specified herein. A reactor effluent 265 is
partially cooled in exchanger 254. A partially cooled product 266 enters high
pressure separator 267 wherein the hydrogen-rich vapor stream 270 is
separated from a mainly even carbon number paraffinic liquid product 268.

The liquid product 268 may be further processed through distillation to

16
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recover the desired even carbon number paraffin composition previously
specified herein.

[0043] The hydrogen-rich gas streams 270 and 269, from the high
pressure separator 267 and the slurry bubble column reactor 257
respectively, are combined to form vapor stream 271. Water 271A is added
to vapor stream 271 to wash any deposits that may form upon condensation
in @ condenser 272. A cooled stream 273 is a three phase composition
which is separated in drum 274. The liquid fractions include byproduct
water 275 and light hydrocarbons 276. A hydrogen-rich gas 277 is partially
purged as stream 278. The rest of the gas, stream 279 is optionally treated
in purification unit 290 to remove ammonia, hydrogen sulfide, and other
byproducts of the hydrogenation/hydrogenolysis reaction. A purified
hydrogen-rich gas 280 is combined with makeup hydrogen 282 in recycle
compressor 281. A recompressed hydrogen-rich gas 283 is optionally
heated in heater 284 before supplying the slurry bubble column 257 and the
fixed-bed reactor 264.

[0044] The slurry catalyst reaction may also be conducted in batch
mode. This may be a preferable embodiment when large volume production
is not sought, or when the paraffin products from different feed stocks need
to be segregated.

[0045] Referring to Fig. 4, a biological feedstock 301 is charged to a

batch stirred reactor 302. The reactor 302 is equipped with an agitator
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assembly 303 for suspending solids and dispersing gas, and a jacket 304 for
heat transfer. A slurry catalyst 306 is then added to the reactor 302. The
catalyst is of the type and size-range previously described herein. The
reactor is then purged and pressurized with hydrogen 307 to the target
operating pressure. Pressure ranges described previously for the continuous
flow reactor embodiments are applicable to the batch reactor embodiment as

well. These preferred pressures are from about 400 psig to about 1,000

psig.

[0046] The reactor 302 is then heated to a target operating
temperature in the range previously described for the continuous reactor
embodiments, preferably between 450 °F (232 °C) and 650 °F (343 °C). The
operating temperatures may be achieved by circulation of a heat transfer
fluid 308 through the reactor jacket 304. Once at target temperature, the
heat transfer fluid 308 is used for cooling. The hydrogen 307 supply rate is
used to limit the release of reaction heat through a temperature control loop
309. In some embodiments, the hydrogen flow rate is maintained constant
and the reactor pressure is controlled through a back pressure control loop
310, while temperature is controlled through circulation rate of the heat
transfer fluid. In some embodiments, reactor 302 is equipped with a cooling
coil (not shown) to increase heat removal and shorten batch cycle.

[0047] The batch reactor is equipped with piping 312, 312A, and

condenser 318. Condensable byproducts of the hydrogenation/
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hydrogenolysis reaction which occurred in reactor 302, light hydrocarbons
and water, are thus collected in drum 314 after cool-down with coolant 316
in condenser 318. Upon completion of the reaction, when no more H2
consumption is observed, the reactor 302 is cooled to about 140°F (60 °C) to
about 160 °F (71 °C) and the products and byproducts are drained out
through conduits 320 (water, followed by light hydrocarbons) and 322 (main
paraffin product). Most of the catalyst settles to the bottom of reactor 302
after agitation has been turned off, for reuse in the next batch. The
suspended catalyst fines are removed from the n-paraffin product through
filter 324. Sintered metal or cartridge elements may be used for catalyst
filter 324. A filtered product 326 has the same even carbon number paraffin
composition previously described in the continuous flow reactor
embodiments of the present invention.
[0048] In order to further illustrate the present invention, the following
examples are given. However, it is to be understood that the examples are
for illustrative purposes and are not to be construed as limiting the scope of
the subject invention.

EXAMPLES
[0049] Example 1 - Hydrogenation/hydrogenolysis of canola oil with
1/16" trilobe catalyst extrudates (D, ~ 1.2 mm) in a fixed-bed reactor
[0050] The present example demonstrates the conversion of a biological

feedstock, canola oils, into paraffinic compositions using standard-size
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catalyst extrudates. A 100 cc isothermal tubular reactor was filled with 80
cc of a commercially available NiMo catalyst (purchased from Catalyst
Trading Corporation, Houston, TX) of 1.2 mm equivalent particle diameter,
and 70-100 mesh glass beads. The catalyst was sulfided in the presence of
hydrogen with dimethyl disulfide at two hold temperatures: 6 hours at 400°F
and 12 hrs at 650°F. Hydrogen sulfide break-through was confirmed before
the temperature was raised from 400 °F (204 °C) to 650 °F (343 °C) at 50
OF/hr. After sulfiding, the reactor was cooled to 400 °F (204°C).

[0051] Next a fatty triglyceride feed was introduced to the isothermal
reactor. The reactor was slowly heated to 650°F to achieve full conversion
of the triglyceride feed to a paraffin composition. The reactor temperature
was further increased to 700°F (371 °C) to maintain good catalyst activity at
80 cc/hr feed rate (1.0 hr'! LHSV). Canola oil feedstock was then introduced
at these reactor conditions.

[0052] The product was analyzed using a gas chromatography (GC)
method involving calibration with n-paraffin standards. The results of feed
conversion to paraffins are summarized in Fig. 5. As observed therein, a
significant percent of C17 paraffins was produced from decarbonylation/
decarboxylation of C18 fatty acids. The overall concentration of even carbon
number paraffins was only 61 wt %.

[0053] Example 2 - Hydrogenation/hydrogenolysis of canola oil with

crushed and sieved catalyst (D, = 30-80 micron) in slurry reactor
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The catalyst used in Example 1 was discharged from the reactor,
crushed, and sieved into a 30-80 micron particle-size cut. Ten (10) grams
of the 30-80 micron cut of the ground catalyst was combined with 300 g of
canola oil in a 1 liter Autoclave stirred-reactor. The agitation was set at
1000 rpm. The reactor was purged with N2 before starting H2 flow at 3
L/min. The reactor was controlled at 500 psig pressure. The temperature
was ramped at 1 °F/min to hold temperatures of 450 °F (232 °C), 500 °F
(260 °C), 550 °F (288 °C), and 600 °F (316 °C). Liquid samples were
obtained at each hold temperature and analyzed by GC. The hold times
were 20 hrs at 450 °F (232 °C), 5 hrs at 500 °F (260 °C), 23 hrs at 550 °F
(288 °C), and 19 hrs at 600 °F (316 °C).

The results of the slurry catalyst conversion reaction are summarized
in Figure 6. It is thus observed that most of the C18 and C16 fatty acids in
the canola oil were converted to C18 and C16 paraffins, suggesting a high
selectivity for the oxygen hydrogenolysis mechanism and low
decarboxylation/decarbonylation. The overall concentration of even carbon
number paraffins was 80 wt %. ,

[0054] Example 3 - Even Carbon Number Paraffin Composition from
Rapeseed Oil

[0055] Rapeseed oil was the third largest source of vegetable oil in the
world (USDA year 2000 statistics), behind palm and soybean oils. The oil

yield from rapeseed is 40-50%, compared to only 20 percent for soybeans.
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Table 2 summarizes the fatty acid profile of representative biological

feedstocks.
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Table 2. Fatty Acid Composition of Several Commeon Biclogical Feedstocks

42 -

82 22

PCT/US2008/086235

(1-5)

Poly-Unsaturated
Saturated Acids Mono-Unsaturated Acids Acids
Eicosenic! Eicosenic!

Caprylic | Capric | Lauric Myristic Palmitic Stearic hend Palmeic QOleic Behenei Linoleic Linol

C8:0 C10:0 120 C14:0 £16:0 C18:0 C20:0/1022:0 G161 C18:1 C20:1/C22:1 C18:2 £18:3

wit% Wit wi% wi% wi% wit%e wi% wit% wi% wit%e wi% wi%

Animal fats
Chicken Fat - - - 7 2 - - 69 - 17 -
Beef Tallow - 0.2 2-3 24-3C 21-26 3.4-1 - 38-43 0.3 2-3 1
Yellow Grease 3 3 1-11 23-27 10-12 - 1 29-80 - 215 1
Choica White
Grease 7 3 8 25 12 - 27 - 1-3 1
Lard {pork fat} - - 1-2 25-30 12-18 2-5 41-51 2-3 4-22 0.2
Vegetable Oils
Soybean Qil 0.3 7-11 3-6 5-10 -1 22-34 - 50-80 2-10
Corn Ol Q-2 8-11 14 - 1-2 28-60 0-2 34-58 1
Cottonseed Qil 0-3 17-23 1-3 23-41 2-3 34-55 1
Canola Qil - - - - 4 2 62 - 22 10
Coconut Oil 5-8 4-10 44-51 13-18 7-10 1-4 - 5-8 1-3 -
Sunflower Gil - - - - 67 4-5 1.4 18 68-69 (.3-1
Palm Oil - - - 1-8 32-47 1-6 - - 40-52 2-11 -
Paim Kernel Ol 2-4 3-7 45-52 14-19 8- 1-3 1-2 -1 10-18 1-2
Rapeseed
{High Eurcic) - - ~ - 2-8 1-2 0.9 6.2 10-15 50-60 10-20 5-10
(1) http:/fwww scientificpsychic.com/fitness/fattyacids.html

(2) Kinast, J.A. March 2003, “Production of Biodiesel from Multiple Feedstocks and Properties of Biodiesel/Diesel Blends,
NREL/AR-510-31460

{3) Tyson, K.S5., NREL Presentation “Biodicsel for New England” March 26, 2003
{4) Food Fats and Oils, Institute of Shortening and Edible Qils, Ninth Edition 2006
{5) a“-“ in a cell means that this constituent is not present

[C0O56] As observed therein, rapeseed oil consists of 50-60 wt % C22
fatty acids with the balance mainly C18 fatty acids. According to the
inventive conversion process disclosed herein, rapeseed oil will produce an
even carbon number composition comprising of a ratio of about 1:1 to 1.5:1
C22:C18 n-paraffins. This compgosition is useful as a PCM in construction or
textile/clothing application for high temperatures, including desert climates
when day times can surpass 44 °2C (melt point of C22 paraffin), and night
times below 28 °C (freeze point of C18 paraffin). The high temperature
phase transition makes this PCM composition well suited for computer
cooling applications (i.e. heat sink or cooling pad under the computer) as

weil.
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[0057] Example 4 - Even Carbon Number Paraffin Compositions from
Palm Oil and Palm Kernel Oil

[0058] Palm oil recently surpassed soybean oil as the largest volume
plant oil produced in the world. Whereas palm oil itself is derived from the
fruit of the palm tree, the palm kernel oil is extracted from the fruit's seeds.
Referring to Table 2, palm oil consists of about 40 wt % C16 fatty acids, with
the balance mainly C18 fatty acids. According to the method of the present
invention, the palm oil is converted to a mainly even carbon number paraffin
composition in the C16-C18 range with C18:C16 weight ratio of about 1.5:1.
The composition is useful as a PCM for construction and textile/clothing
applications in the 18 °C to 28 °C range.

[0059] Referring to Table 2, palm kernel oil has a fatty acid composition
of about 45-52 wt % C12, 14-19 wt % C14, 6-9 wt % C16, and 11-17 wt %
C18. According to the present invention, the biological feedstock is
converted to a mainly even carbon number n-paraffin composition including
C12, C14, C16, and C18 components. The n-paraffin composition may be
distilled to yield a C12/C14 composition suitable for very low temperature
PCM applications (such as for bridge warmers and dive suites) or as chemical

intermediates (such as for producing linear alkyl benzenes).

[0060] Example 5 - Separation of even carbon number paraffins derived

from the method of the present invention
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[0061] The method of the present invention may be used to convert
most animal fats into a composition with approximately 30 mol % C16 n-
paraffins and the balance mainly C18 paraffin. Vacuum distillation is a well
understood and broadly practiced separation technology. At 20 torr
pressure, the vapor-liquid equilibrium (VLE) constants (“K-values”) for n-
octadecane and n-hexadecane are 1.34 and 0.82 respectively (computed
using HYSYS simulation software’s Peng-Robinson thermodynamic model).
These K-values may be used to generate the equilibrium curve of Fig. 7.
Distillation column operating lines have been added according to the
McCabe-Thiele methodology as disclosed in prior art, namely, Foust et. al.
Principles of Unit Operations, 2™ Ed.; John Wiley & Sons: New York, 1980;
Chapter 7. According to McCabe-Thiele procedure for distillation column
design, with a reflux ratio of 6.5, or 30% higher than minimum reflux, a
separation yielding 90 mol % purity C18 and C16 n-paraffin products
requires 14.5 theoretical stages. Assuming 73% tray efficiency, the vacuum
tower requires 20 actual trays.

[0062] While the C18 product of the separation can be sold as a PCM for
narrow temperature control applications, the C16 n-paraffin (n-hexadecane
or cetane) has other markets. One large volume application is diesel fuel
additive. Another use of linear C16 hydrocarbons is as intermediates for

specialty chemicals including alkenyl succinates for paper coatings.
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[0063] The analysis of this example shows that the even carbon number
compositions of the present invention, such as those derived from animal
fats/greases, are well suited for producing chemicals using conventional
separation techniques.

[0064] While the compositions and methods of this invention have been
described in terms of preferred embodiments, it will be apparent to those of
skill in the art that variations may be applied to the process described herein
without departing from the concept and scope of the invention. All such
similar substitutes and modifications apparent to those skilled in the art are
deemed to be within the scope and concept of the invention as it is set out in

the following claims.
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What is claimed is:

1. A process for producing hydrocarbons from biomass, comprising the
steps of:

(a) providing a biological feedstock containing free fatty acids, fatty acid
esters, or combinations thereof; and

(b) subjecting the biological feedstock to heat in the presence of hydrogen
and a catalyst having an equivalent particle diameter of about 10 microns to
about 400 microns to produce hydrocarbons which are predominantly even

carbon number paraffins.

2. The process of claim 1 wherein the renewable biological feedstock
comprises vegetable oils, plant oils, algal oils, animal fats, tall oil fatty acid,

products of the food industry such as greases, and combinations thereof.

3. The process of claim 1 wherein the step of subjecting the biological
feedstock to heat in the presence of hydrogen and the catalyst occurs in a

plurality of reactors.

4. The process of claim 1 wherein the step of subjecting the biological
feedstock to heat in the present of hydrogen and the catalyst occurs in a

slurry bubble column reactor.
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(0056] As observed therein, rapeseed oil consists of 50-60 wt A) C22 fatty
acids with the balance mainly Cl18 fatty acids. According to the inventive
conver si onoppwoe8®3di scl osed herein, rapeseed oil wll pCcodsce@sass2eyven
carbon nunber conposition conprising of a ratio of about 1:1 to 1.5:1

C22: C18 n-paraffins. This conposition is useful as a PCMin construction or
textile/clothing application for high tenperatures, including desert
climates when day tinmes can surpass 44 0C (nelt point of C22 paraffin), and
ni ght tinmes bel ow 28 0C (freeze point of Cl8 paraffin). The high

t enper at W e_phase transiti.on kes.this, PCM conposition well suited. for
conput or Seob TP oGt PEIBhS Hein fst o reRChpn e by By tbEtioRe
conputer) as well. WD 2010/ 068203PCT/ US2008/ 086235 [ 0057] Exanple 4 - Even
Car bon N@hiFhedbransier fitidposi ti ons from Palm O 1 and Pal m Kernel G|
[0058] Pal moi|l recently surpassed soybean oil as the | argest vol une plant
oil produced in the world. Whereas palmoil itself is derived fromthe
fruit of the palmtree, the pal mkernel oil is extracted fromthe fruit's
seeds. Réf erThengrdcesbabf eldim phlwherein deati oft seadtiorbigitredfbveld Yy Chatdrat ty
acids, with the balance mainly Cl18 fatty acids. According to the nethod of
the pres¢Bpotipdgohnl on, the palmoil is converted to a mainly even carbon
nunber paraffin conposition in the Cl16-Cl8 range with C18: Cl6 weight ratio
of about 1.5:1. The conposition is useful as a PCM for construction and
textile/clothing applications in the 18 'DC to 28 0OC range. [0059] Referring

to Tabl e 2, -pal m kernel .oil. h fatty,acid conpositiqn of abput 45-52 w
o6 c12. 1410 PMOEaT oF iy a’;)"@l%‘,e'%ﬁ&“en&f? & Sibag !”%éPSrﬁ'ioi‘bg'F%' t he
present invention, the bioglogical feedstock is converted to a nmainly even
car bon nfﬁﬁfgsrtoﬁk Far Bedt I dBRpBESENS P RydiRaany apdtheceatalygls ocgs 18
conponents. The n-paraffin conposition may be distilled to yield a C12/Cl4
conposi t Mmerhanically stifred reaetort ow t enper at ure PCM appl i cations (such as for
bri dge warnmers and dive suites) or as chem cal internediates (such as for
produci ng linear al kyl benzenes). [0060] Exanple 5 - Separation of even
carbon nunber paraffins derived fromthe nethod of the present invention

WD 2010/ @68?|Qélﬁ%éé§s2mavaﬂ%6??vﬁwér|@9fﬁhlﬁhgf veh&esh ¥ rémeveHasEBirchAYiORAt | on

may be used to convert nost animal fats into a conposition with

appr oxi I O n-paraffins and the bal ance mainly C18 paraffin.
Vacuum glaitgi%a}&rgﬁéfies/of%l | understood and broadly practiced separation
technol ogy. At 20 torr pressure, the vapor-liquid equilibrium (VLE)
constants ("K-values"”) for noctadecane and n-hexadecane are 1.34 and 0. 82

respecti yel conputed usin SYS sjnmul ati gn software' s Peng- Robi nson

{ her modydamTEenBEstass. ahelaime v ANGESIN g ahof SAFHIOH [SFemaved; he water
equilibriumcurve of Fig. 7. Distillation colum operating |ines have been
added ac¥eP@NZRfie t he McCabe- Thi el e met hodol ogy as disclosed in prior art,
nanely, Foust et. al. Principles of Unit Operations, 2na Ed.; John Wley &
Sons: New York, 1980; Chapter 7. According to McCabe-Thiele procedure for
distillation colum design, with a reflux ratio of 6.5, or 30% hi gher than
m ni num 1ef | Tke Prozeparcktdigimn Y9 elitkireth WhteP!vaopization Sl8séddo PFrdduce
n-paraffin products requires 14.5 theoretical stages. Assum ng 73% tray
effici enﬁ?g,h %,k@,sy,?ggkggr{.'pvx/er requi res 20 actual trays. [0062]Wile the C18
product of the separation can be sold as a PCM for narrow tenperature
control applications, the Cl6 n-paraffin (n-hexadecane or cetane) has other
mar kets. One | arge volune application is diesel fuel additive. Another use

of linear,6 Cl6 hydrocarbons is as internedi ates for specialty chem cals
"hol udi nblal AR Prges ahraaim of BREEHNCEM icagalyst P8 “Sippdrtd ks

molybdenum, nickel-tungsten, or cobalt-molybdenum catalyst.
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WO 2010/ 068203PCT/ US2008/ 086235 [ 0063] The anal ysis of this exanple shows
that the even carbon nunber conpositions of the present invention, such as
t hose derwoedidassavsani nal fats/greases, are well suitedPCoOUSPISHSERBNY

chem cal s using conventional separation techniques. [0064] Wile the
conpositions and nethods of this invention have been described in terns of
preferred enbodinents, it will be apparent to those of skill in the art
that variations may be applied to the process described herein wthout
departing fromthe concept and scope of the invention. AII such siml ar

substi t ut ki | i_n the art

deened | ﬁie"“”gt@gé%ﬁﬁ%'@i%123{@%@9{15@? oy SimaRle glrlfd padee, ou
in the faollow nrg a] ?‘ clained is: 1. A process for producing
hydr ocar G4HRIRY n?rb?b'r%'@é’md’ﬂmp oFRoRaNs %’E'@ﬁ% of: (a) providing a

bi ol ogi cal feedstock containing free fatty acids, fatty acid esters, or
conbi nations thereof; and (b) subjecting the biol ogical feedstock to heat
in the presence of hydrogen and a catal yst having an equival ent particle

di anet er 13. abbat piarasscodbmiainy hbwberdido the ccataby st oispreodoodifiedd nagkal-bons
whi ch are predom nantly even carbon nunber paraffins. 2. The process of
clai m 1 ahehinumtdrecobaipahbhmddpasigeamedtapestangdt, conpri ses veget abl e
oils, plant oils, algal oils, animal fats, tall oil fatty acid, products of
t he food |ndustry such as greases, and corrbl nations thereof. 3. The process
of claim1 wherein the step of subjecting the biological feedstock to heat

' oact or & rlgse%ﬂf?@%%% Pl iy GG Hie (ABEHEE ol udigbbReeb bt

bi ol ogi cal | StOCB’LPdfﬂ heat in the present of hydrogen and the cat al yst
occurs i ff@ taaﬁ "WWol um reactor. 5. The process of claim4
wherein heat of reaction is renoved by circulation of a heat transfer
fluid. 6. The process of claim4 wherein heat of reaction is renoved by
wat er vapori zati on.

15. The process of Claim 1 wherein the catalyst has an equivalent particle

diameter of about 30 to about 80 microns.

16. The process of claim 1 wherein at least about 75 wt % of the n-

paraffins are even carbon number n-paraffins.

17. The process of claim 16 wherein the even carbon number paraffins

comprise n-octadecane and n-hexadecane.

18. The process of claim 16 wherein the even carbon number paraffins

comprise n-octadecane and n-docosane.
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7. The process of claim1l wherein the step of subjecting the biol ogical
feedstock to heat in the present of hydrogen and the catal yst occurs in a
mechani cavDyosxaG6808d reactor. 8. The process of clai m PCRuSc@sosdzent of
reaction is renoved by circulation of a heat transfer fluid. 9. The
process of claim?7 wherein heat of reaction is renoved by water
vapori zation. 10. The process of claim9 wherein water vaporization is
used to gigod i r ; : b | in
Rl 0Ufe g'ra&sl% %élghﬁi %&’@ﬁpﬁ{{f % é%%%%@,‘ﬁggg%p o %'fi‘h@‘pi‘aor?ﬁﬁ{se

the catalyst 1Is supporte el -tungsten,

cobal t - np| u , 2.¢:1N€ process of claim1l wherein the

cat al ys{n%g%%&%ﬁt%rggéﬁhﬁhﬁhp§ﬁ@@?' al um num or al um num w th phosphor ous
oxi des. 13. The process of claim1l wherein the catalyst is a nodified

ni ckel - al um num or cobal t-al um num sponge-netal catalyst. 14. The process
of claim 13 wherein the nodifier for the sponge-netal catalyst is

mol ybdend®. Tie preeess ¢fedairnof 181 wherainwkhe @vien: garken duymsbenqaraffins
equi val ent particle dianeter of about 30 to about 80 microns. 16. The
process abmypriemiocthdecane ahdlrehekadboane.75 Wt % of the n-paraffins are
even carbon nunber n-paraffins. 17. The process of claim 16 wherein the
even carbon nunber paraffins conprise n-octadecane and n- hexadecane. 18.
The process of claim 16 wherein the even carbon nunber paraffins conprise

n-oct ade‘?ﬁ?e%"dﬁi |dt?ﬁ@é’§so%??§aiml?9 WH%r@hogﬁi%\@E E%Pddﬂ %dgﬁ?léﬁig%ré%{sea“

about 80 wt e paraff.ins are even c on nunber par The

process %m?r@'en;‘jogcﬁéggéaié;ﬁéa%_%?sgﬁr%bon nunber paraffins conprise

n- oct adecane and n- e ‘process of claim19 wherein the
even carbon nunber paraffins conprise n-octadecane and n-docosane. 22. A
hydr ocar bon conposition produced from a bi o-renewabl e feedstock conpri sing
at least 75 wt % even carbon nunber paraffins.

22. A hydrocarbon composition produced from a bio-renewable feedstock

comprising at least 75 wt % even carbon number paraffins.

23. The hydrocarbon composition of claim 22 wherein the renewable

feedstock comprises at least 80 wt % even carbon number paraffins.

24, The composition of claim 22 wherein the even carbon number paraffins

comprise n-hexadecane and n-octadecane.

25. The composition of claim 22 wherein the even carbon number paraffins

comprise n-octadecane and n-docosane.
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23. The hydrocarbon conposition of claim22 wherein the renewabl e feedstock
conprises at |east 80 w % even carbon nunber paraffins. 24. The
conposi t iwo 20fo/sB@MBM 22 wherein the even carbon nunber parafsbeiosmseespri se
n- hexadecane and n-octadecane. 25. The conposition of claim 22 wherein the
even carbon nunber paraffins conprise n-octadecane and n-docosane. 26.
The conposition of claim22 wherein the even carbon nunber paraffins

conpri se Jg, dqﬂ%%?ﬁ?éﬁﬁoﬂ 6@%@1‘4'?92% e%?th%fé?/eﬁoég?'%mﬂ bggg‘é@jﬁiﬁkzz

wherein the conposition is used as ase c ange materi a

corrp05|t|C%rh8|I|s(g g%gag‘%n gﬁgl %@gﬁj‘%@aﬁ)osml on is used as feedstock to

produce even car nu par oduct s.

27. The composition of claim 22 wherein the composition is used as a

phase change material.

28. The composition of claim 22 wherein the composition is used as

feedstock to produce even carbon number n-paraffin products.
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